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Background	 Clinical	 reasoning	 refers	 to	 the	 cognitive	 processes	 used	 by	 individuals	 as	 they	3	
formulate	 a	 diagnosis	 or	 treatment	 plan.	 Clinical	 reasoning	 is	 dependent	 on	 formal	 and	4	
experiential	knowledge.	Developing	the	ability	to	acquire	and	recall	knowledge	effectively	for	5	






Aim	 To	 develop	 understanding	 about	 the	 way	 educational	 interventions	 develop	 effective	12	
analytical	 and	non-analytical	 clinical	 reasoning	 ability,	when	 they	do,	 for	whom	and	 in	what	13	
circumstances.	14	
	15	
Methods	 Literature	 from	 a	 scoping	 search,	 combined	 with	 expert	 opinion	 and	 researcher	16	
experience	was	synthesised	to	generate	an	initial	programme	theory	(IPT).	Four	databases	were	17	
searched	and	articles	relevant	to	the	developing	theory	were	selected	as	appropriate.	Factors	18	
affecting	 educational	 outcomes	 at	 the	 individual	 student,	 teacher	 and	 wider	 organisational	19	
levels	were	investigated	in	order	to	further	refine	the	IPT.	20	
	21	






Discussion	 Development	 of	 analytical	 and	 non-analytical	 clinical	 reasoning	 ability	 requires	28	
activities	that	enhance	knowledge	acquisition	and	recall	alongside	the	accumulation	of	clinical	29	
experience	and	opportunities	to	practise	reasoning	in	real	or	simulated	clinical	environments.	30	
However,	 factors	 such	 as	 pre-existing	 knowledge	 and	 self-confidence	 influence	 their	31	








Medical	 students	 need	 to	 develop	 safe	 and	 effective	 clinical	 reasoning	 ability	 during	 their	3	




However,	 merely	 acquiring	 factual	 knowledge	 and	 clinical	 experience	 is	 insufficient	 for	8	








memory	 alongside	 a	 careful	 deliberation	over	 various	 diagnostic	 possibilities.	Over	 time	 and	17	
particularly	 among	 experts,	 non-analytical	 approaches	 are	 typically	 used	 for	 the	majority	 of	18	
everyday	 problem-solving	 and	 decision-making.	 Conversely,	 experts	 are	 also	 effective	 at	19	
recognising	when	 ‘things	 do	not	 fit’	 and	 capable	 of	 consciously	 switching	 to	more	 analytical	20	
approaches	when	necessary	(6).			21	
	22	
A	 number	 of	 educational	 interventions	 are	 described	 for	 developing	 non-analytical	 and	23	
analytical	clinical	reasoning	skills.	The	majority	teach	the	analytical	processes	of	reasoning	and	24	
increasing	 awareness	 about	 cognitive	 biases	 (7).	 These	 interventions	 assume	by	 being	more	25	
‘mindful’	about	thinking	and	‘bringing	reasoning’	into	consciousness,	individuals	may	mitigate	26	



















Realism	 is	 a	 philosophical	 perspective	 that	 places	 emphasis	 on	 both	 context	 and	 causality.	12	
Realist	 research	 attempts	 to	 illuminate	 why,	 how,	 for	 whom	 and	 in	 what	 circumstances	13	
interventions	 work	 or	 not	 (12).	 A	 linear	 causal	 relationship	 between	 the	 intervention	 and	14	
outcome	 is	 not	 assumed	 from	 this	 perspective,	 but	 instead	 there	 is	 acknowledgement	 of	15	
complexity	and	generative	causation	dependant	on	various	contexts	in	which	the	intervention	16	
operates	 (13).	 This	 study	 aims	 to	 develop	 theory-driven	 understanding	 about	 the	 way	17	
educational	 interventions	 develop	 effective	 analytical	 and	 non-analytical	 clinical	 reasoning,	18	
when	they	do,	for	whom	and	under	what	circumstances.	The	research	questions	that	emerged	19	
from	this	aim	were:	‘What	educational	interventions	are	effective	for	developing	analytical	and	20	





Realist	 research	 data	 are	 analysed	 and	 interpreted	 to	 form	 context,	 mechanism,	 outcome	26	
configurations	 (CMOCs)	 and	 collectively	 form	 a	 programme	 theory	 (12).	 In	 this	 analytical	27	
framework,	 contexts	 are	 separate	 to	 the	 intervention	 being	 investigated	 but	 affect	 how	 the	28	
intervention	is	received	by	participants.	Context	is	assumed	to	be	neutral	in	systematic	reviews,	29	
whereas	context	is	viewed	differently	from	a	realist	perspective	and	integral	to	understanding	30	
reasons	 for	 success	 or	 failure	 of	 an	 intervention	 (13).	 Mechanisms	 are	 conceptualised	 as	31	















The	 review	 was	 registered	 on	 PROSPERO:	 International	 Prospective	 Register	 of	 Systematic	13	
Reviews	(CRD42017072029).	The	RAMESES	publication	standards	for	realist	synthesis	(12)	were	14	
referred	to	throughout	the	review.	Initial	background	literature	searches	relating	to	educational	15	
interventions	 around	 clinical	 reasoning	 and	 dual-process	 theory	was	 undertaken	 by	 AR.	 	 All	16	
members	of	the	research	team	were	clinical	teachers	with	expertise	 in	the	development	and	17	
education	 of	 clinical	 reasoning	 at	 under-,	 post-graduate	 and	Masters	 level	 (7)	 (17)	 (18).	 AR	18	
developed	consensus	among	the	research	team	about	educational	interventions	that	promote	19	
non-analytical	 or	 analytical	 processes	 during	 clinical	 reasoning	 tasks.	 The	 outputs	 from	 the	20	
background	literature	search	and	consensus	building	led	to	the	development	of	initial		drafts	of	21	





posits	 that	all	 learning	 is	 context	dependant	and	 for	 successful	 transfer	of	 learning	 in	 future	27	
encounters,	learning	should	occur	within	multiple	scenarios	and	contexts.	Situativity	theory	(20)	28	
also	asserts	the	importance	of	context	within	learning,	specifically	that	learning	is	“situated	in	29	
experience”(20),	with	particular	 attention	given	 to	different	 contextual	 levels.	 These	 insights	30	









ERIC	 (Education	 Resource	 Information	 Centre)	 and	 CINAHL	 were	 performed	 in	 May	 2017,	6	
incorporating	key	themes	developed	from	the	IPT	(supplementary	file	1).	Searching	began	from	7	
the	year	2000	following	the	publication	in	1999	of	the	seminal	paper	‘To	err	is	human’	(22)	which	8	
brought	 diagnostic	 error	 and	 clinical	 reasoning	 into	 the	 mainstream	 consciousness	 of	 the	9	
healthcare	 community	 and	 global	 public.	 	 A	 supplementary	 search	 to	 incorporate	 additional	10	
terms,	 such	 as	 pattern	 recognition,	 deliberate	 practice	 (23),	 illness	 scripts	 (24)	 knowledge	11	
acquisition	and	recall	(25)	was	also	performed	since	initial	searching	highlighted	these	concepts	12	







if	 they	were	 deemed	 to	 contribute	 to	 theory	 building	 (12).	Methodological	 rigour,	were	 the	20	
methods	credible	and	trustworthy	(12),	was	further	assessed	at	full	text	review.	An	educational	21	
intervention	was	defined	as	‘a	teaching	process	or	method	for	developing	knowledge	and	skills	22	















aim	 of	 this	 review	 focuses	 on	 theory	 building	 rather	 than	 testing	 as	 often	 interventions	 or	4	
outcomes	of	interest	were	under-reported	or	too	distant	(21,	32).	NVivoÓ	(NVivo	v.12.1.0,	QSR	5	
International	Pty	Ltd)	was	used	to	store	full	texts	and	code	contexts.	ExcelÓ	 (Microsoft	Excel	6	






























contexts	 were	 identified:	 1)	 students	 with	 ‘low	 knowledge’,	 low	 clinical	 domain	 specific	4	
knowledge,	 or	 an	 inability	 to	 use	 knowledge	 in	 a	 reasoning	 situation;	 2)	 students	with	 high	5	
clinical	domain	specific	knowledge;	3)	positive	student	coping	strategies	or	appropriate	level	of	6	














Mresource)	 in	 which	 educational	 interventions	 may	 develop	 their	 diagnostic	 accuracy	 or	21	




Twenty	 two	 studies	 contributed	 to	 developing	 this	 theory	 (9,	 26-31,	 34-48)	 and	 this	 context	26	
exerted	most	influence	on	the	interventions.	The	many	ways	this	context	affected	mechanisms	27	
and	outcomes	 is	shown	 in	Figure	3.	For	example,	when	students	with	 insufficient	knowledge	28	
passively	observe	experts	without	receiving	an	explanation	of	the	experts	reasoning.	They	may	29	

















When	 an	 expert’s	 reasoning	 processes	 or	 thoughts	 are	 explicitly	 revealed	 and	 discussed	14	
(Mresource)	 with	 students	 with	 sufficient	 domain	 specific	 knowledge	 (C),	 this	 promotes	15	


























patients,	 they	 feel	 grateful	 for	 the	 learning	 experience	 (Mresponse).	 The	 experience	 enables	8	
them	to	build	understanding	(Mresponse)	which	has	a	positive	impact	on	learning	(O)	and	this	is	9	









by	 the	 individual	 as	 being	 necessary	 for	 performing	 the	 task,	 they	may	 enhance	 knowledge	19	
acquisition.	Conversely,	when	emotions	are	perceived	as	peripheral	to	the	task	or	distractors,	20	
performance	on	 task	may	be	 impaired.	 The	way	 individuals	perceive	emotional	 triggers	 as	 a	21	
threats	 or	 opportunities	 vary	 according	 to	 the	 extent	 individuals	 have	 developed	 sufficient	22	
coping	strategies	when	performing	on	task.	Experience,	practice	and	making	mistakes	(52)		are	23	






Students	with	 poor	 coping	 strategies	 or	 low	 self-confidence/self-efficacy	 beliefs	 calibrated	 to	30	
previous	 clinical	 reasoning	performance	 (C,)	 exposed	 to	 simulated	or	 real	 patient	 encounters	31	





Four	studies	contributed	to	this	 theory	 (35,	45,	49,	50)	 including	 insights	 from	cognitive	 load	4	
theory	 (53)	 and	 human	 stress	 responses	 (51,	 54).	 Negative	 outcomes	 result	 from	 students’	5	
inability	to	cope	with	the	stress	of	simulated	or	real	environments	and	from	making	mistakes.	6	
Whilst	simulation	allows	students	to	learn	from	cases	they	might	otherwise	not	encounter	in	the	7	





When	 teaching	 students	with	 different	 levels	 of	 pre-existing	 knowledge	 in	 a	 group	 (C),	 using	13	
strategies	 that	 promote	 knowledge	 retention	 (Mresource)	will	 build	 upon	what	 they	 already	14	




reasoning	 skills	 in	 students	 with	 all	 levels	 of	 knowledge	 (C),	 to	 develop	 understanding	19	
(Mresponse)	of	their	successes	and	failures	and	generate	plans	for	improvement.	This	is	more	20	





for	 teachers	 is	 to	deliver	 teaching	experiences	 to	 students	with	varying	 levels	of	pre-existing	26	
knowledge.	 The	 most	 effective	 way	 was	 to	 provide	 timely	 and	 accurate	 feedback	 on	27	
performance	as	well	as	use	strategies	that	promoted	 long	term	retention	of	knowledge.	One	28	
effective	strategy	was	to	integrate	test-enhanced	learning	into	the	teaching	of	clinical	reasoning	29	
(58).	 Conversely,	 leaving	 students	 without	 feedback	 on	 their	 reasoning	 ability	 or	 providing	30	




















research	provides	 further	 evidence	 for	 this	 observation	 and	 suggests	 identifying	 the	 level	 of	17	
knowledge	 a	 student	 possesses	 for	 a	 given	 task	 or	 across	 a	 particular	 knowledge	 domain	 is	18	
necessary	 for	 predicting	 which	 educational	 interventions	 will	 be	 effective	 for	 them.	 Often	19	
knowledge	levels	are	assumed	among	students	based	on	their	year	of	study,	having	progressed	20	
through	 high-stakes	 assessments,	 or	 their	 accumulated	 total	 experience	 over	 a	 programme.	21	
Time	spent	on	a	course	is	a	poor	marker	of	competence	(60)	and	this	realist	review	suggests	a	22	
given	 intervention	may	not	have	 the	 same	 impact	on	all	 students,	 especially	 those	with	 low	23	
knowledge	states	who	need	support	the	most.	Furthermore,	improving	knowledge	for	clinical	24	
reasoning	has	been	highlighted	as	the	most	promising	area	to	improve	diagnostic	accuracy	and	25	
reduce	 error	 (4,	 61,	 62).	 This	 review	 supports	 that	 call	 and	 the	 findings	 suggest	 improving	26	




as	 targets	 for	 educational	 interventions	 to	 develop	 analytical	 and	 non-analytical	 clinical	31	
reasoning	ability.	Effective	 teaching	and	 learning	strategies	are	particularly	 important	among	32	
this	group	of	learners	since	they	provide	the	greatest	challenge	for	clinical	teachers.	Retrieval	33	
	 14	
practice,	 interleaving	 and	 spaced	 practice	 are	 examples	 of	 learning	 strategies	 which	 induce	1	
‘desirable	 difficulties’	 among	 learners	 and	 demonstrate	 the	 promising	 outcomes	 for	2	
constructing	knowledge	and	effective	transfer	into	memory	(63).	These	strategies	promote	long	3	
term	 retention	 of	 knowledge	 by	 encouraging	 learners	 to	 revisit	material	 over	 time,	 practice	4	





















developing	 analytical	 information	 processing	 (67).	 However,	 the	 findings	 from	 this	 review	26	











Thereafter	 both	 learner	 and	 teacher	will	 hopefully	 be	 able	 to	 identify	 the	most	 appropriate	4	
educational	support	for	improving	their	clinical	reasoning	ability,	especially	given	there	are	at	5	





Although	 there	are	 various	 reviews	of	 clinical	 reasoning	 interventions	highlighting	what	may	11	
‘work’	in	terms	of	improving	diagnostic	performance	(70,	71),	this	is	the	first	realist	review	to	12	
identify	 why	 interventions	 may	 work,	 for	 whom	 and	 the	 contexts	 in	 which	 they	 work.	 The	13	
outputs	from	this	synthesis	add	to	this	knowledge	base	by	providing	useful,	practical	information	14	
for	 teachers	 responsible	 for	 developing	 both	 analytical	 and	 non-analytical	 thinking	 ability	 of	15	
undergraduate	 students,	 especially	 those	 with	 low	 knowledge	 states.	 Realist	 methodology	16	
encourages	 inferences	 to	 be	 made	 in	 an	 iterative	 way	 by	 triangulating	 insights	 from	 other	17	
sources	 to	 increase	 the	 accuracy	 of	 results	 rather	 than	 disregard	 the	 evidence	 altogether.	18	
Likewise,	not	all	outcomes	or	impacts	from	educational	interventions	may	be		explicitly	reported	19	






Educational	 interventions	 for	 developing	 analytical	 and	 non-analytical	 reasoning	 among	26	
undergraduate	students	in	medical	or	healthcare	professions	education	predominantly	work	by	27	
increase	knowledge	acquisition,	mobilisation	and	recall	alongside	encouraging	practice	in	real	28	
or	 simulated	 environments.	 Students	 with	 low	 knowledge	 states	 affect	 moreso	 whether	29	










Contributions:	 AR,	 WA	 and	 RP	 conceived	 the	 study	 and	 contributed	 towards	 initial	 theory	7	
development.	 AR	 developed	 the	 protocol,	 performed	 the	 searches,	 performed	 initial	 data	8	























































































































































































































‘Low	knowledge’	 Generic	 low	 knowledge	 across	 all	 clinical	
domains	
‘Low	clinical	domain	specific	knowledge’	 Low	knowledge	within	a	clinical	domain,	low	
problem	 specific	 knowledge(73)	 or	 low	
knowledge	specific	to	the	clinical	case	
‘Inability	 to	apply	knowledge	 in	a	 reasoning	
situation’	
Has	 sufficient	 generic	 or	 clinical	 domain	
specific	 knowledge	but	 lacks	ability	 to	apply	
this	 to	 a	 clinical	 reasoning	 case	 in	 a	 real	 or	
simulated	clinical	situation	
‘High	clinical	domain	specific	knowledge’	 Sufficiently	 high	 knowledge	 with	 a	 clinical	
domain	or	high	problem/clinical	case	specific	
knowledge	
‘Different	levels	of	knowledge’	 Differing	 generic	 levels	 of	 knowledge	 or	


















Full texts retrieved 







Removed for one or more of the following reasons 
(n=124): 
- Unable to obtain full text n=11 
- Investigated the neurochemical or 
neurostructural aspects of decision making only 
n=1 
- Didn?t describe an educational intervention 
n=59 
- Didn?t specifically target dual processing theory 
n=64 
- Assessment of reasoning only n=1 
- Post graduate education only and no specific 
DIP intervention n=12 
- Investigated the use of decision support 
tools/checklists only n=5 
- Other n=7 
- Removed during data extraction as lacked 
methodological rigour n=2 
- Removed during data extraction as not 
contributing to the developing theory  n=2  
Added from review of reference lists of 
eligible full texts n=2
 Added from search on learning strategies to 
promote knowledge retention in clinical 







 Students with ?low 
knowledge?, low clinical 
domain specific 
knowledge or an inability 






resources                  
(see additional diagram)
Postive and negative 
outcomes depending 
on mechanisms
 High clinical domain 
specific knowledge 
student 
 Instructing the use of 
analytical reasoning 
alone, especially with low 
difficulty cases
Teaching strategies that 
promote 'overthinking'
Multiple relevant 
reactions                   
(see additional    
diagram)
 Able to trust ?sense of 
familiarity? and maintain 
diagnostic accuracy
 No improvement in 
diagnostic accuracy. 
Limited or no 
increase in learning 
gain or outcomes.
Different levels of 
knowledge within a 
group
 Teaching approach 
designed around 
effective learning 




feedback received in 
timely manner following 
reasoning task
 Insufficient or 
incomplete feedback 
(including incorrect or 
erroneous in nature)
 Continued   
development and 
understanding about the 
process of clinical 
reasoning





building or refinement 
of ?illness scripts?
Confusion  Negative impact on learning outcomes
 Positive student coping 
strategies or appropriate 
level of self-confidence/ 
self-efficacy 
 Negative student coping 
strategies or lacking 
self-confidence/ 
self-efficacy 
  Simulated 
environments that 
promote authentic 
real-life situations OR 
teaching that enables 
making mistakes OR 
teaching in the real  
world
 New understanding, 
learners ?feel safe? to 
make mistakes 
Fear, stress or anxiety
 Positive impact on 
learning outcomes 
and building or 
refinement of ?illness 
scripts?
Negative impact on 
learning outcomes 
and building or 
















 Expert reasoning 
processes identified and 
discussed 
 New understanding 
about the process of 
clinical reasoning














knowledge, or an 
inability to use 






 Listen to near-peer ?think 
aloud? their reasoning with 
the use of prompts and 
examples
 Assume similar level prior 
knowledge resulting in sense    
of ?feeling at ease?
Increase learning OR 
diagnostic accuracy 
improved
 Instructions to use both 
?non-analytical? or pattern 
recognition? & analytical or 
step-wise approach to 
reasoning
Accurate feedback in a 
timely manner
 Promotion of analytical 
or step-wise approach as 
a reasoning scaffold
 Empowered to trust in         
their ?sense of familiarity? and 
developing ability 
 
Provides a sense of           
clarity and helps develop 
understanding. Affirmation the 
individual possesses     
sufficient knowledge for 
reasoning
Relieves the tension of          
not immediately knowing the 
answer. The learner feels 
comfortable, supported         






















 Inducing or imposing   
time constraint to 
deliberately force 
non-analytical reasoning 
 Passive observation of 
experts without receiving 
explanation about their 
reasoning processes
 Listening to experts 
explain their reasoning 
which may skip steps or 
use pattern recognition
 Increased case difficulty 
or case with significant 
reasoning challenge
Listening to peer 
reasoning as a passive 
recipient when that 
self-explanation includes 
mistakes
Spontaneous outputs from 
non-analytical reasoning (including 
guessing) with resultant frustration 
and potential distress 
 Resentment or panic at          
not recalling or ?knowing? 
immediately
 Find it difficult to        
understand the       
non-analytical thought 
processes, discordance 





learning gai  or 
outcomes OR 






























 Explicit and clear 
explanation of expert?s 
reasoning 
